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Table S1: List of studied, their names as recorded in the laboratory records, and their 
contributions to the figures in the text. 
Composition Sample Name Contribution to Figures 
BaZrS3 BZS113-190305 Figure 5 
BaZrS3 BZS113-190306 Figure 5 
BaZrS3 BZS113-190415 Figure 5 
BaZrS3 BZS113-190419-1 Figure 3, Figure 5 
BaZrS3 BZS113-190514-1 Figure 5 
BaZrS3 BZS113-190514-2 Figure 5 
BaZrS3 BZS113-190514-3 Figure 5 
Ba3Zr2S7 BZS327-190508 Figure 5 
Ba3Zr2S7 BZS327-190509 Figure 3, Figure 5 
Ba3Zr2S7 BZS327-190510 Figure 5 
Ba3Zr2S7 BZS327-190116-1 Figure 5 
Ba3Zr2S7 BZS327-180831 Figure 5 
 
 Figure S1: Direction-resolved phonon density of states for BaZrS3 (pink) and Ba3Zr2S7 (black), 
where the a, b, and c axes coincide with the X, Y, and Z directions, respectively. Ba3Zr2S7 
exhibits softer modes below 100 cm-1 in the X and Y directions compared to BaZrS3, but 
comparable mode frequencies beginning at 50 cm-1 along the Z direction. 
 
 
  
Table S2: Born effective charge tensors (e) for each unique atomic site in BaZrS3.  The Wyckoff 
orbits for each site are shown next to the atom label, and the corresponding tensor is shown 
below.    
Ba (4c) 
2.71 -0.233 0.00
-0.208 2.67 0.00
0 0 2.69
Zr (4b) 
7.86 -0.929 -1.14
0.723 8.08 -2.27x10-3
0.865 -3.43x10-2 8.23
S1 (4c) 
-2.27 2.10x10-2 0.00
-0.227 -2.01 0.00
0 0 -6.51
S2 (8d) 
-4.16 -2.10 -5.56x10-2
-2.14 -4.38 -4.57x10-2
1.07x10-2 -7.69x10-2 -2.21
 
 
Table S3: Born effective charge tensors (e) for each unique atomic site in Ba3Zr2S7.  The 
Wyckoff orbits for each site are shown next to the atom label, and the corresponding tensor is 
shown below.    
Ba1 (8j) 
2.52 -7.69x10-2 -7.27x10-2
-7.18x10-2 2.52 7.84x10-2
0.112 -0.112 3.21
Ba2 (4f) 
2.92 -9.16x10-2 0.00
-8.90x10-2 2.92 0.00
0.00 0.00 2.15
Zr1 (8j) 
8.02 -0.162 -0.211
-0.162 8.02 -0.214
0.524 0.524 5.88
S1 (4e) 
-4.24 -1.69 0
-1.69 -4.24 0
0 0 -1.67
S2 (4g) 
-2.32 0.110 0
0.110 -2.32 0
0 0 -4.82
S3 (8j) 
-2.23 1.35x10-2 -0.159
1.35x10-2 -2.23 -0.158
-3.51x10-2 -3.51x10-2 -4.64
S4 (4e) 
-4.36 -1.85 0
-1.85 -4.36 0
0 0 -1.46
S5 (8h) 
-4.36 1.98 0
1.95 -4.29 0
0 0 -1.57
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure S2: Impedance spectroscopy data, fits, and model. (a-b) reproduce the data and fits 
presented in Fig. 3 for BaZrS3 (a, sample BZS113-190419-1) and Ba3Zr2S7 (b, sample BZS327-
190509). (c) Equivalent circuit model used to fit the data, using the software ZView (Scribner 
Associates, Inc.).; R1 and R2 are resistors, CPE1 is a constant-phase element.  
 
Table S4: Table showing the parameters for the impedance spectroscopy fits presented in Fig. 
S2. 
 BZS113-190419-1 BZS327-190509 
Chi-Sqr 5.1587E+12 2.7329E+14 
Sum-Sqr 5.5714E+14 1.6944E+16 
R1(±) 3100900 -10908000 
R1(Error) 498950 3397700 
R1(Error%) 16.09 31.149 
R2(±) 1074000000 9073700000 
R2(Error) 697490 20095000 
R2(Error%) 0.06494 0.22146 
CPE1-T(±) 1.1659E-12 4.1829E-13 
CPE1-T(Error) 8.9966E-15 3.9183E-15 
CPE1-T(Error%) 0.77164 0.93674 
CPE1-P(±) 0.94169 0.95677 
CPE1-P(Error) 0.00109 0.00155 
CPE1-P(Error%) 0.11624 0.16237 
 
